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Introduction 


Prostate  cancer  is  still  a  common  ma  lignancy  and  a  leading  cause  of  cancer  death  among 
men  in  the  United  States.  The  progressive  acquisition  of  genomic  alterations  is  a  defining 
feature  of  all  hum  an  cancers,  including  prostate  cancer.  Prostate  cancer  cells  are  kn  own 
to  carry  a  v  ariety  of  genetic  d  efects,  including  gene  mutations,  deletions,  translocations, 
and  am  plifications,  that  endow  the  cells  with  new  capabilities  for  dysregulated 
proliferation,  inappropriate  survival,  ti  ssue  invasion  and  destruction,  immune  syste  m 
evasion,  and  metastasis.'  More  recently,  it  has  become  apparent  that  prostate  cancer  cells 
also  carry  epigenetic  defects,  includ  ing  changes  in  cytosine  m  ethylation  patterns  and  in 
chromatin  structure  and  organization,  which  are  equivalent  to  genetic  changes  in 
effecting  and  m  aintaining  neopl  astic  and  m  alignant  phenotypes.  For  hum  an  prostate 
cancer,  abundant  evidence  has  ac  cumulated  to  suggest  that  so  matic  epigenetic  alterations 
may  appear  earlier  during  cancer  d  evelopment  than  gene  tic  changes,  a  s  well  as  more 
commonly  and  consistently.  Furthermore,  epigen  etic  changes  tend  to  arise  in  assoc  iation 
with  age  and/or  in  response  to  eh  ronic  or  recurrent  infiamma  tion  leading  to  cell  and 
tissue  damage."' 

Epigenetic  inactiv  ation  of  genes  in  cancer  cells  is  la  rgely  base  d  on  transcriptional 
silencing  by  aberrant  CpG  m  ethylation  of  C  pG-rich  promoter  regions.  ^  Aberrant 
promoter  methylation  of  GSTPl,  e  ncoding  the  Tr-class  glutathione  5'-transferase  (GST) , 
an  enzyme  capable  of  detoxifying  electrophilic  and  oxidant  carcinogens  remains  the  most 
common  somatic  genome  abnormality  of  any  ki  nd  (>90%  of  cases)  reported  thus  far  for 
prostate  cancer,  appearing  earlier  and  more  frequently  than  other  gene  defects  that  arise 
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during  prostate  cancer  developm  ent/  Since  the  recogni  tion  that  the  GSTPl  Cp  G  was 
frequently  hypermethylated  in  prostate  cancer,  more  than  40  genes  have  been  reported  to 
be  targets  of  DNA  hyp  ermethylation-associated  epigenetic  gene  s  ilencing  in  prostate 
cancer  cells.  Despite  th  e  increasing  number  of  aberrantly  m  ethylated  genes  in  pro  state 
cancer,  only  a  few  genes  show  prom  ise  as  prostate  cancer  bio  markers  for  early  diagnosis 
and  disease  risk  assessment. 

In  this  study,  I  sought  to  investigate  whether  aberrant  methylation  in  the  norm  al  prostate 
tissues  m  ay  in  itself  be  a  pathologic  event  that  increases  with  aging.  By  analyzing 
methylation  on  a  genome  wide  scale  using  m  ethylated  CpG  island  amplification  (MCA) 
coupled  with  CpG  promoter  m  icroarray^  in  prosta  te  can  cer  LNCaP  cell  line  I  have 
identified  several  novel  m  ethylated  genes  in  human  prostate  cell  line.  Identification  of 
age-related  m ethylated  genes  in  the  norm  al  prostate  has  im  portant  implications  for  the 
study  of  DNA  m  ethylation  in  pr  ostate  cancer  etiology  a  nd  for  the  development  of 
biomarkers  for  the  detection  of  this  disease. 

BODY 

As  outlined  in  m  y  Statement  of  work,  I  s  eek  to  accom  plish  3  m  ain  tasks  during  the  3 
years  of  funding.  I  have  made  substantial  progress  in  2  out  of  these  3  tasks.  A  manuscript 
describing  “differential  DNA  methylation  profiles  reveal  novel  pathways  in  prostate 
carcinogenesis”  is  in  preparation  for  subm  ission  to  the  Journal  of  Clinical  Cancer 
Research  and  an  abstract  from  this  work  was  presented  at  the  Am  erican  Association  for 
Cancer  Research  2009,  Annual  Meeting  in  De  nver,  CO.  A  copy  of  this  abstract  is 
attached  below. 
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Specific  Aim  1.  Comprehensive  age-dependent  DNA  methylation  analysis  of  novel 
genes  in  the  human  prostate 

Several  genes  have  been  shown  to  be  hypermethylated  in  prostate  cancer.  However, 
hypermethylation  of  genes  in  norm  al  prostate  tissues  may  be  an  early  event  predisposing 
cells  to  neo  plastic  transfer  mation.  I  have  recen  tly  shown  that  som  e  genes  which  are 
hypermethylated  in  prostate  cancer  tissue  m  ay  undergo  m  ethylation  in  norm  al  prostate 
tissues  in  an  age-dependent  manner.  To  my  knowledge,  this  was  the  first  study  to  directly 
examine  the  rela  tionship  between  m  ethylation  and  age  in  hum  an  prostate  tissues.  This 
study  clearly  demonstrated  that  methylation  starts  in  normal  prostate  tissues  as  a  function 
of  age  and  markedly  increases  in  cancer. 

A  global  profile  of  genes  that  are  m  ethylated  in  normal  prostate  tissues  as  a  function  of 
age  would  serve  to  identify  candidate  genes  th  at  are  hypermethylated  as  an  early  event  in 
the  transition  from  normal  prostate  cells  to  prostate  cancer  and  ultimately  provide  insight 
into  understanding  the  molecular  m  echanisms  underlying  DNA  met  hylation,  aging  and 
neoplastic  transformation.  In  this  aim,  I  propos  ed  to  carry  out  a  co  mprehensive  analysis 
of  novel  methylated  genes  that  I  have  identi  fied  using  a  combination  of  methylated  CpG 
island  amplification  coupled  with  C  pG  promoter  microarray  to  asce  rtain  if  methylation 
status  can  provide  reliable  information  for  the  detection  of  prostate  cancer. 

Detection  of  Methylated  CpG  Island  Using  MCA-CpG  promoter  microarray 

From  my  preliminary  studies,  I  have  used  methylated  CpG  island  am  plification  (MCA) 

technique^  ^  coupled  with  CpG  promoter  m  icroarray  to  identify  several  novel  m  ethylated 
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genes  in  the  human  prostate  eaneer  line  LNCaP.  I  identified  more  than  3  00  differentially 
hypermethylated  loei  of  whieh  approxim  ately  50  were  unique  prom  oter  associated  C  pG 
islands.  Similarly,  I  identified  about  374  differentially  hypomethylated  loci  in  the  LNCaP 
cells.  Interestingly,  349  of  these  hypomethylated  probes  m  apped  to  re  petitive  elements 
and  only  25  loci  were  unique  prom  oter  asso  ciated  CpG  islands  as  revealed  by  BLAST 
(www.ncbi.nlm.nih.gov)  and  BLAT  (genom  e.ucsc.edu)  searches.  Several  of  thes  e  genes 
have  previously  been  reported.  Novel  m  ethylated  gene  s  o  f  particu  lar  inte  rest  in  the 
current  study  included  PAX9,  RPRM,  C  DHl  1,  SPARC,  FOXN4,  TIMP3,  and  TCF3. 
These  genes  were  eh  osen  for  initial  studi  es  has  ed  o  n  either  th  eir  chrom  osomal 
localization,  their  re  gulatory  function  or  whether  they  may  be  im  portant  in  prostate 
cancer  etiology  as  shown  in  Table  1. 


No. 

Gene 

name 

Bidirectiona 

1 

Locus 

Location 

Previously 

reported 

1. 

PAX9 

No 

14ql3.3 

36202075 

36202382 

Yes 

2. 

RPRM 

No 

2q23.3 

154042696- 

154044004 

Yes 

3. 

CDHll 

No 

16q22.1 

63711958- 

63715365 

No 

4. 

SPARC 

No 

5q31.3 

151046061- 

151047060 

Yes 

5. 

FOXN4 

No 

12q24.1 

1 

108231010- 

108232761 

Yes 

6. 

TIMP3 

No 

22ql2.3 

31527381 

31528267 

Yes 

7. 

TCF3 

No 

19pl3.3 

1596918- 

1598213 

No 

Table  1  shows  a  1  ist  of  ge  nes 
identified  as  d  ifferentially 
methylated  in  p  restate  can  cer 
cell  line;  LNCaP. 


DNA  methylation  analysis  in  cell  lines. 

In  order  to  validate  the  MCA-microarray  results,  I  investigated  the  m  ethylation  status  of 
10  genes  differentially  m  ethylated  (8  pr  edicted  hyperm  ethylated  and  2  predicted 
unmethylated)  in  a  p  and  of  21  cell  lines.  To  accom  plish  this,  h  igh  m  olecular  weight 
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DNA  was  extrac  ted  from  the  eell  lines  and  m  odified  using  sodium  bisulfite  treatm  ent. 
Bisulfite  P  CR  pri  mers  were  designed  base  d  on  bisulfite/eonverted  sequence  from  the 
CpG  ensuring  that  the  bisulfite-PCR  pri  mers  avoid  CpG  sites  and  that  they  are  designed 
as  close  to  the  trans  cription  start  site  as  possible.  The  bisulfite  primers  were  then  used  in 
a  PCR  reaction  with  the  bisulfite  treated  ge  nomic  DNA  from  the  cell  lines.  A  two  step 
nested  PCR  reaction  was  carried  o  ut  using  2  se  ts  of  different  PCR  prim  ers.  This  helps 
improve  the  specificity  and  purity  of  the  PCR  products  used  in  the  pyrosequencing 
reaction.  O  ne  of  the  prim  ers  (reverse  prim  er)  in  the  2  s  tep  PC  R  reac  tion  was 
biotinylated  in  order  to  cr  cate  a  single-stranded  DNA  te  mplate  for  the  pyrosequencing 
reaction.  T  he  PCR  products  were  imm  obilized  on  streptav  idin-sepharose  b  cads 
(Amersham),  washed,  denatured,  and  the  biotinyl  ated  strands  released  into  an  annealing 
buffer  containing  the  sequencing  prim  er.  Pyrosequencing  was  performed  using  the  PSQ 
HS96  Gold  SNP  Reagents  on  a  PSQ  96  HS  machine  (Biotage). 

I  have  carried  out  the  methylation  analysis  in  a  21-cell  line  panel  (Fig  1).  All  of  the  genes 
investigated  showed  methylation  in  at  least  a  s  et  of  cell  lines  from  one  cancer  site.  E  ight 
of  the  10  analyzed  gene  s  showed  hyperm  ethylation  in  at  least  one  of  the  thr  ee  prostate 
cancer  cell  lines.  The  PAX9  and  CYP27B1  ge  nes  were  unmethylated  in  prostate  cancer 
cell  lines.  Individual  cell  line  s  showed  a  range  of  m  ethylation  frequency.  The  RPRM, 
SPARC,  NKX2-5,  RASSFl  A  gene  s  showed  hyperm  ethylation  in  the  prostate  cancer  cell 
lines.  The  TIMP3,  RPRM  and  RASSFl  A  al  so  showed  hyperm  ethylation  in  the 
immortalized  prosta  tic  prim  ary  epithelial  cells  (pNTlA  ce  11s).  I  t  is  like  ly  tha  t  the 
methylation  observed  in  pNTl  A  c  ells  coul  d  be  derived  from  repeated  passages  and 
selection  during  cell  culture.  The  CDH  11,  FOXN4and  CYP27B1  genes  did  not  display 
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hypermethylation  in  the  prostate  eell  lines.  However,  individual  prostate  eaneer  eell  lines 
showed  varied  m  ethylation  frequency  as  was  observed  in  the  cancer  cell  lines  from 
different  tissue  sites. 


Prostate  Ca 


Breast  Ca 


Colorectal  Ca  Liver  Ca 


Normal  DNA 
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PC3 

DU14S 
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<0 
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Z 
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TIMP3 
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1-15 
16-50 
51-100 

Non-informative 


Fig  1.  The  methylation  status  of  10  genes  was  investigated  in  a  21-eell  line  panel  by  pyrosequeneing.  Cell 
lines  include  a  tumorigenic  urothelial  epithelium  SVHUC  cell  line  and  the  primary  prostatic  epithelial  cell 
line,  pNTla,  bo  th  immortalized  b  y  SV40  transfection.  The  scale  refers  to  the  de  gree  of  methylation  as 
measured  by  pyrosequeneing 


DNA  methylation  analysis  in  prostate  tissues 

Having  established  differential  methylation  of  these  genes  in  the  panel  o  f  21-cell  lines,  I 
next  wanted  to  compare  the  level  of  methylation  in  normal  and  prostate  cancer  tissues.  To 
accomplish  this,  I  obtained  m  atched  pairs  of  benign  and  p  restate  cancer  tissue  samples 
from  patients  who  have  undergone  radical  pr  ostatectomy  (25  sam  pies).  High  m  olecular 
weight  genomic  DNA  was  extracted  from  the  tissue  samples.  Genom  ic  DNA  sam  pies 
were  m  odified  using  sodium  bisulfit  e  treatm  ent  and  m  odified  DNA  us  ed  in 
pyrosequeneing  analysis  as  described  above.  Results  presented  in  Fig  2  dem  onstrate  that 
compared  with  the  m  ethylation  data  from  normal  prostate  tissues,  there  is  sign  ificantly 
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higher  methylation  in  prostate  cancer  tissues  for  FOXN4,  TIMP3,  RPRM,  SPARC  and 
CYP27B1 .  On  the  other  hand,  C  HDl  1  and  PAX9  genes  do  not  show  a  significant 
difference  in  DNA  methylation  between  the  normal  and  matched  prostate  cancer  tissues. 


Fig  2.  The  %  meth  ylation  le  vel  o  f 
novel  ge  nes  in  m  atehed  normal 
(Nl)  versus  prostate  eanee  r  (Ca) 
tissue  sam  pies  from  individual 
patients  that  had  undergone  radieal 
prostateetomy.  *  shows  statistieally 
signifieant  dat  a  as  det  ermined  by 
Mann  Whitney  t-test,  with 
signifieanee  se  t  at  t  he  1  evel  of  p< 
0.05. 


Methylation  and  gene  expression 

To  investigate  if  m  ethylation  leads  to  gene  silencing,  I  pe  rformed  expression  analysis 
using  total  RNA  extracted  from  matched  nor  mal  and  prostate  cancer  tissue  sam  pies  by 
quantitative  RT-PCR  for  6  genes,  CDHl  1,  PAX9,  TIMP3,  SPARC,  FOXN4  and  RPRM 
based  on  their  potential  function  in  prostate  carcinogenesis  as  well  as  their  frequency  of 
methylation  in  cell  lines  and  prostate  tissu  es  (Fig  3).  I  observ  ed  a  good  correlation 
between  methylation  frequency  and  expression  to  indicate  that  methylation  leads  to  gene 
silencing.  My  ongoing  study  is  to  investigate  wh  ether  the  expression  of  those  genes  that 
were  hyperm  ethylated  in  our  studies  can  be  restored  after  treatm  ent  with  the 
demethylating  agent,  5-azadC  and  the  histone  deacetylase  inhibitor. 
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Fig  3.  Relative  expression  of  genes 
in  m  atehed  normal  (N1  )  versus 
prostate  eaneer  (Ca)  tissue  sa  mples 
as  det  ermined  by  R  T-PCR.  * 
indieates  statistieally  signifieant 
data. 


CDH11  PAX9  TIMP3  SPARC 


Specific  Aims  1  &  2,  Comprehensive  age-dependent  DNA  methylation  analysis  and 
the  association  of  DNA  methylation  levels  and  genetic  predisposition 

There  is  doeumented  evidenee  to  demonstrate  that  gene  inaetivation  by  DNA  methylation 
may  play  a  role  in  the  pathogenesis  of  prostate  eaneer.  But  the  incidenee  and  mortality  of 
prostate  eaneer  is  approximately  1.6-fold  higher  among  Afriean-Amerieans  as  eompared 
to  Caueasians.  When  eompared  with  their  white  e  ounterparts,  blaek  men  have  a  greater 
tendency  to  present  at  a  younger  age  and  later  stage  of  disease.  This  clearly  ind  icates 
that  g  enetic  factors  an  d/or  env  ironmental  exposure  influences  co  ntribute  to  prostate 
cancer  risks.  For  exam  pie,  prostate  cancer  epidemiology  supports  the  idea  that  dietary 
factors,  esp  ecially  fat  m  ay  increase  the  risk  o  f  prostate  cancer.  By  investigatin  g  age- 
dependent  methylation  of  several  novel  genes,  it  may  be  possible  to  identify  a  pattern  for 
differential  genes  methylation  in  normal  and  prostate  cancer  tissues  from  different  ethnic 
groups.  This  may  help  to  explain  the  increased  incidence  and  severity  of  prostate  cancer 
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in  African  Am  erican  men  when  compared  to  other  ethnic  groups.  In  addition,  this  may 
serve  as  a  sensitive  biomarker  in  one  ethnic  group  when  compared  to  the  other. 

In  order  to  investig  ate  if  there  is  ag  e-dependent  DNA  m  ethylation  changes  in  different 
ethnic  groups,  I  studied  DN  A  methylation  changes  of  8  genes;  SPARC,  RARb2,  AR, 
TIMP3,  GSTPl,  NKX2  .5,  RASSFl  A  and  CYP27BI  in  DNA  sa  mples  fro  m  African 
American  (AA)  and  Caucasian  (C  au)  men  as  a  function  of  age.  For  this  study,  I  used 
normal  prostate  tissue  samples  from  AA  and  Cau  (between  25  -  80  yea  rs  old)  to  further 
understand  if  one  ethnic  group  has  more  propens  ities  to  methylation  com  pared  to  the 
other  group  (Fig  4).  I  observed  a  significantly  higher  methylation  in  the  samples  from  AA 
for  RARb2,  AR,  NKX2  .5  and  RASSFl  A.  The  hi  gher  methylation  observed  for  these  in 
AA  appeared  to  increas  e  with  age  except  for  AR  gene  where  I  did  not  see  this  effect.  On 
the  other  hand,  I  did  not  see  any  significant  di  fferences  in  the  m  ethylation  pattern  for 
SPARC,  TIMP3,  GSTPl,  and  CYP27B1. 
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Fig  4.  Age-related  methylation  an  alysis  in  no  rmal  p  restate  tissu  es.  Cp  G  island  s  fo  r  GSTPl  ,  CDHl  1  , 
SPARC,  R  ASSFIA,  R  ARp2  an  d  AR  in  45  -bisulfite  modified  ge  nomie  DNA  e  xtraeted  f  rom  norm  al 
prostate  tissues  (age  range  25-80  years  old)  from  both  Afriean  Ameriean  (AA)  and  Caueasian  (Can)  men. 
Y-axis  represents  the  pereentage  of  methylated  eytosines  in  the  samples  as  obtained  from  pyrosequeneing. 
Eaeh  CpG  island  has  a  different  seale  range.  X-axis  represents  age  in  years. 

KEY  RESEARCH  ACCOMPLISHMENTS 

I  have  identified  several  novel  m  ethylated  genes  using  m  ethylated  CpG  island 
amplifieation  (MCA)  te  chnique  coupled  with  C  pG  prom  oter  m  icroarray  in  the 
human  prostate  cancer  line  LNCaP. 

I  have  shown  differential  m  ethylation  of  these  genes  in  a  panel  of  21 -cell  lines 
derived  from  prostate,  breast,  colore  ctal,  leukem  ia  and  liver  tissu  es  usin  g 
pyrosequeneing  as  a  quantitative  appro  ach  to  m  easure  m  ethylation  status.  In 
addition,  I  have  dem  onstrated  in  prostate  tissue  sam  pies  that  com  pared  with  the 
methylation  data  from  norm  al  prostate  tissues,  there  is  significantly  higher 
methylation  in  prostate  cancer  tissues  for  FOXN4,  TIMP3,  RPRM,  SPARC  and 
CYP27B1.  On  the  other  hand,  CHDl  1  and  PAX9  genes  do  not  show  a  significant 
difference  in  DNA  m  ethylation  between  the  normal  and  matched  prostate  cancer 
tissues. 

I  have  carried  out  comprehensiv  e  age-de  pendent  DNA  m  ethylation  analysis  of 
these  gen  es  in  norm  al  prosta  te  tissues  deriv  ed  from  African  Am  erican  and 
Caucasian  men  organ  donor  or  autopsy  sam  pies.  Results  indicate  a  significantly 
higher  m  ethylation  in  the  sam  pies  from  AA  for  RAR  P2,  AR,  NKX2.5  and 
RASSFl  A.  The  higher  methylation  observed  in  the  AA  men  samples  appeared  to 
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increase  with  age  exeept  for  AR  gene  wher  e  I  did  not  see  this  effeet.  On  the  other 
hand,  I  did  not  see  any  signifieant  differe  nees  in  the  m  ethylation  pattern  for 
SPARC,  TIMP3,  GSTPl,  and  CYP27B1. 


REPORTABLE  OUTCOMES 

•  AACR  Annual  Meeting-  Differential  DNA  methylation  profiles  reveals  novel 
pathways  in  prostate  carcinogenesis,  (2009)  Denver  CO. 

•  Manuscript  in  preparation  for  submission  to  the  Journal  of  Clinical  Cancer 
Research 

Conclusion 

I  have  used  m  ethylated  CpG  island  am  plification  (MCA)  technique  coupled  with  CpG 
promoter  microarray  in  the  prostate  cancer  ce  11  line,  LNCaP  to  identify  novel  methylated 
genes.  Using  this  approach,  we  have  identified  50  unique  promoter  associated  CpG  island 
to  be  d  ifferentially  hyp  ermethylated  in  th  e  L  NCaP  cell  line  and  25  unique  promoter 
associated  CpG  island  s  to  b  e  dif  ferentially  h  ypomethylated  in  the  L  NCaP  cell  line  . 
Several  of  these  differentially  m  ethylated  genes  have  been  previously  reported.  Novel 
methylated  genes  of  particular  interest  in  our  current  study  included  PAX9,  RPRM, 
CDHl  1,  SPARC,  FOXN4,  and  TIMP3.  These  genes  were  chosen  for  initial  studies  based 
on  either  their  chromosomal  localization,  their  regulatory  function  and  therefore  represent 
a  subset  of  genes  where  silenc  ing  may  play  a  role  in  the  prostate  can  cer  etiology  and/or 
progression. 
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I  have  used  pyrosequeneing  to  quantitative!  y  m  easure  the  methylation  levels  of  these 
genes  in  a  panel  of  eel!  line  s  a  s  well  as  in  prosta  te  tiss  ues.  My  r  esults  dem  onstrate 
differential  methylation  of  these  ge  nes  in  th  e  e  ell  lines.  M  ethylation  analysis  of  these 
genes  in  hum  an  prostate  tissues  showed  signi  fieantly  higher  methylation  in  the  prostate 
eaneer  tissues  in  eomparison  to  the  norm  al  prostate  tissues  for  FOXN4,  TIMP3,  RPRM, 
SPARC  and  CYP27B 1 .  On  the  other  hand  CHD 1 1  and  PAX9  genes  did  not  show  a 
signifieant  differenee  in  DNA  methylation  between  the  norm  al  and  m  atehed  prostate 
eaneer  tissues.  While  I  have  yet  to  definitively  demonstrate  that  methylation  leads  to  gene 
sileneing,  the  observation  of  an  inve  rse  assoeiation  between  DNA  m  ethylation  and  gene 
expression  as  determ  ined  by  RT-PCR  analysis  suggests  that  DNA  m  ethylation  leads  to 
gene  sileneing. 

The  FOXN4  gene  belongs  to  the  hum  an  fo  rkhead-box  (FOX)  gene  fa  mily  and  de¬ 
regulation  of  the  FOX  genes  has  been  suggested  in  several  diseases  ineluding  eongenital 
disorders,  d  iabetes  m  ellitus,  o  r  eareinogen  esis.'^  However,  there  are  no  reports  of 
epigenetic  changes  of  FOXN4  gene  in  pr  estate  cancer.  The  tissue  inhibitor  of 
metalloproteinase  3  (TI  MP3)  is  believ  ed  to  play  a  sign  ificant  ro  le  in  controlling 
extracellular  matrix  remodeling  and  has  been  previously  shown  to  be  methylated  in  urine 
sediment  of  prostate  cancer  patients.  N  onetheless,  TIMP3  pers  istently  shows  low 
frequency  of  m  ethylation  in  nor  mal  prostate  tissues  which  m  ay  limit  it’s’  usef  ulness  as 
diagnostic  m  arker  in  urine  DNA.  Reprim  o  (RPRM)  is  a  putative  m  ediator  of  p53- 
mediated  cell  cycle  arrest  at  th  e  G2  phase  of  the  cell  cycle.  Aberran  t  m  ethylation  of 
RPRM  has  been  reported  in  a  num  her  of  cancer  types  inclu  ding  prostate  cancer.  The 
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secreted  pro  tein  ac  idic  and  rich  in  cyste  ine  (S  PARC)  is  reported  ly  d  etrimental  to  the 
growth  of  ovarian  cancer  cells  and  has  been  reported  to  be  hyperm  ethylated  in  several 
cancers  including  prostate  cancer.  Previous  reports  has  shown  that  the  25 -Vitamin  -D3- 
1  alpha -hydrolase  (CYP27B1)  is  downregulat  ed  during  prostate  tumor  pathogenesis  and 
that  treatm  ent  of  prostate  cells  with  the  methylation  inhibitor  5-aza-2’-deoxycytidine 
together  with  the  dea  cetylation  inhibito  r  trichosta  tin  A  resu  Ited  in  eleva  tion  of 
CYP27B1.'^  However,  in  m  ost  of  these  studies,  the  methylation  status  of  these  genes 
have  been  identified  by  either  indirect  observation  or  thr  ough  re-activation  by 
pharmacological  drug  treatm  ent.  In  m  y  pres  ent  study,  I  have  used  quantitative  DNA 
methylation  analysis  to  measure  differences  in  the  methylation  level  between  normal  and 
prostate  cancer  tissues  and  I  want  to  correlate  the  methylation  pattern  of  these  genes  with 
clinical  and  pathological  data  to  as  certain  the  usefulness  of  the  ge  ne(s)  as  diagnostic 
marker(s)  for  prostate  disease  detection. 

I  have  compared  the  methylation  profiles  of  these  genes  in  normal  prostate  tissue  samples 
from  African  American  and  Caucasian  men.  My  analysis  indicates  significant  differences 
in  the  m  ethylation  patterns  for  these  2  ethn  ic  groups.  Overall,  I  observed  significantly 
higher  methylation  as  a  function  of  age  for  the  samples  obtained  from  African  American 
when  com  pared  to  Caucasian  m  en.  The  high  er  m  ethylation  observed  suggests  that  if 
methylation  is  lead  ing  to  silen  cing  of  key  regulato  ry  g  enes  in  the  prosta  te  c  ancer 
pathogenesis,  this  event  could  contribute  to  higher  incidence  of  prostate  cancer  observed 
in  Af  rican  Am  erican  m  ales.  Inter  estingly,  I  did  not  detect  higher  methylation  f  or  the 
GSTPl  gene  in  our  studies.  However,  ot  her  studies  have  reported  that  GSTPl 
hypermethylation  to  be  a  very  sensitive  di  agnostic  m  arker  for  African  Am  erican  m  en 
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compared  to  other  ethnie  group.  In  this  partieular  report,  they  analyzed  a  region  o  f  the 
GSTPl  CpG  island  whieh  is  d  ifferent  f  rom  th  e  CpG  island  that  I  investig  ated.  It  is 
possible  tha  t  the  ir  site  is  m  ore  pro  ne  to  h  igher  m  ethylation  in  th  e  Af  riean  Am  eriean 
samples.  I  am  eurrently  invest  igating  the  m  ethylation  status  at  other  sites  of  the  GSTPl 
CpG  island. 

Overall,  I  have  identified  several  novel  genes  as  potential  biomarkers  for  prostate  eaneer 
disease  deteetion  and  some  of  these  genes  eoul  d  serve  as  ethnic  sensitive  biomarkers  for 
prostate  eaneer. 

FUTURE  WORK  WILL  FOCUS  ON 

1 .  In-depth  methylation  an  alysis  of  genes  deseri  bed  above.  Som  e  of  m  y 

pyrosequencing  assay  designs  for  m  ethylation  analysis  do  not  identify  all 
methylation  sensitive  regions.  For  som  e  genes  that  do  not  appear  to  show 
methylation  as  a  funetion  of  age  in  my  samples,  it  m  ay  necessary  to  study  other 
sites  of  the  partieular  gene  CpG  is  lands.  In  addition  I  will  earry  out 

comprehensive  DNA  methylaiton  analysis  of  additional  novel  genes  whieh  I  have 
identified  using  methylated  CpG  island  amplifieation  (MCA)  eoupled  with  DNA 
mieroarray  of  human  CpG  island  sequenees. 

2.  I  will  eorrelate  the  methylation  level  of  these  genes  with  elinieal  and  pathologieal 
data  for  p  rostate  tissue  sam  pies  from  i  ndividual  patients.  Th  e  objeetive  is  to 
identify  novel  genes  that  would  be  potentia  lly  useful  as  diagnostie  biomarkers  for 
prostate  disease  detection. 
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3.  I  will  continue  to  inve  stigate  th  e  m  ethylation  patte  rn  of  additional  g  enes  as  a 
funetion  of  age  for  samples  obtained  from  Afriean  Ameriean  and  Caueasian  m  en 
in  order  to  identify  m  ethylated  genes  that  eould  be  potentially  useful  as 
biomarkers  for  one  ethnie  group  eompared  to  the  other. 

4.  One  of  the  genetie  m  eehanism  that  m  ay  help  in  explaining  why  som  e  men  with 
prostatie  intraepithelial  neoplasia  (P  IN)  never  develop  invasive  prostate  eaneer, 
whereas  other  m  en  may  develop  invasive  prostate  eaneer  eould  be  due  to 
differenees  in  the  frequeney  of  m  ethylated  genes  in  these  two  groups  of  m  en  with 
prostate  disease.  By  eomparing  gene  m  ethylation  profiles  in  these  2  groups  of 
men  it  m  ay  be  possible  to  identify  gene  s  whieh  dem  onstrate  higher  m  ethylation 
frequeney  in  one  group  versus  the  other.  Furthermore,  it  is  known  that  epigenetie 
DNA  methylation  changes  oeeurs  very  early  in  the  pathophysiologieal  of  prostate 
disease  and  this  m  ay  le  ad  to  oth  er  som  atic  mutations  in  th  e  later  s  tages  in  th  e 
disease  pathway.  I  will  study  the  mutational  status  of  several  m  ethylated  genes 
with  key  regulatory  funetions,  it  m  ay  be  possible  to  identify  novel  genes  that  are 
methylated  and/or  m  utated  at  higher  fre  quency  in  one  group  of  m  en  versus  the 
other  group.  This  would  eontribute  to  further  understanding  the  moleeular 
meehanisms  underlying  the  progression  from  PIN  to  invasive  prostate  eaneer. 

5.  Finally,  for  novel  gene(s)  that  appears  to  be  a  potential  eandida  te  as  a  diagnostie 
biomarker,  I  will  study  the  biologieal  fune  tion  of  sueh  gene(s)  in  vitro  prostate 
eaneer  eell  lines  to  aseertain  th  eir  role  in  neoplastie  transformation  of  the  hum  an 
prostate.  Th  is  would  be  aeeom  plished  by  over-express  ing  recombinant  vectors 
encoding  for  the  gene  produet  and  assaying  the  effeets  on  eell  proliferation  and/or 
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apoptosis.  Alternately  siRNA  that  targets  the  gene  would  be  used  to  knock-down 
the  gene  expression  to  evaluate  its  effect  on  prostate  cancer  cell  growth. 
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The  progressive  acquisition  of  genomic  alterations  and  epigenetic  defects  including  changes  in 
cytosine  methylation  patterns  is  a  defining  feature  of  all  human  cancers  including  prostate 
cancer.  For  human  prostate  cancer,  abundant  evidence  has  accumulated  to  suggest  that 
somatic  epigenetic  alterations  may  appear  earlier  during  cancer  development  as  well  as  more 
commonly  and  consistently. 

To  identify  novel  CpG  islands  that  are  aberrantly  methylated  in  prostate  cancer,  we  used 
methylated  CpG  island  amplification  (MCA)  couple  with  promoter  CpG  microarray  analysis  in 
the  prostate  cancer  cell  line,  LNCaP.  We  identified  more  than  300  differentially  hypermethylated 
loci  of  which  approximately  50  were  unique  promoter  associated  CpG  islands.  We  identified  21 
clones  to  correspond  to  hypermethylated  genes  that  maybe  important  in  prostate 
carcinogenesis  including  Pax9,  Reprimo,  Cadherin  11,  Notchl,  Osteonection,  netrin  4,  Foxn4, 
Timp3,  and  FItl.  Similarly,  we  identified  about  374  differentially  hypomethylated  loci  in  the 
LNCaP  cells.  However,  349  of  these  probes  mapped  to  repetitive  elements  and  only  25  loci 
were  unique  promoter  associated  CpG  islands  including  the  transcription  factors  TCF3  and 
ZNF306,  Cadherin  12  and  PTPRN2.  The  gene  expression  patterns  of  these  genes  were  verified 
in  prostate  cell  lines  and  tissue  samples.  Hypermethylation  resulted  in  down-regulation  of 
several  genes  including  Osteonectin  and  Cadherin  11  in  the  prostate  cancer  cell  lines  and 
tissues  in  comparison  to  normal  prostatic  primary  cells  and  benign  prostate  tissues. 
Hypomethylation  on  the  other  hand,  led  to  the  activation  of  several  genes  including  Cadherin  12 
and  TCF3. 

These  data  suggests  epigenetic  modulation  of  several  genes  and  transcription  factors  in 
prostate  cancer.  Cumulative  effect  of  these  epigenetic  changes  may  not  only  ensure  cancer  of 
the  prostate  but  may  also  contribute  to  the  metastasis  of  prostate  cancer  cells  to  other  tissue 
sites. 
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